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Abstract: Aluminum has attractive properties in which when properly engineered can be used in wider areas 
of applications. Due to its reactive abilities and strong affinity for oxygen, aluminum can resist rough 
environments and overall durable to various chemical agents. This work highlighted the behaviour of 7075 
aluminum alloy in an aggressive alkaline environment. Two tempers of T6 and T73 were produced through 
solution heat treatment procedure; the T6 temper was subjected to solution heat treatment at 470°C for 60 
min, quenched for 60 sec and followed by precipitation heat treatment or artificial ageing at 138°C for 960 
min whereas the T73 was subjected to solution heat treatment at 470°C for 60 min quenched for 60 sec and 
followed by two precipitation heat treatment processes at 113°C for 480 min and 182°C for 720 min 
respectively.  The as received and the tempered materials are immersed in an aggressive alkaline medium 
consisting sodium chloride and hydrogen peroxide. The samples obtained were characterized by assessing 
weight loss and subjected to surface morphology analysis using scanning electron microscope. The 
morphology of the heat treated samples shows the type of localized form of corrosion present is pitting form 
of corrosion, and the weight analysis shows significant weight loss when the samples are exposed to the 
aggressive alkaline environment. The weight loss for the as received sample was observed to be more than 
the T73 and the T6 samples.  
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1. Introduction  
Aluminum remains as one of the most 
desired metallic materials because of its 
numerous application areas which include 
automobiles, aerospace, constructions etc. It 
also  the  third  most  abundant 
 element constituting about 8.13 % in the 
earth's crust and  it  mainly 
 exists  in  very  stable combinations 
with other materials (particularly as silicates 
and oxides) in nature [1]. Metals and alloys are 
the most important source of engineering 
materials, and the demand for this materials 
 with  improved  properties  (i.e. 
strength, ductility, light weight) is always on 
the increase with the ever advancement of 
science and technology. With high annual 
consumption rate of 8.1 million metric tons in 
Europe alone - aluminum is the world’s most 
commonly used metals, it offers several 
advantages  such  as  light 
 weight  with acceptable strength, high 
conductivity, and good corrosion resistance 
due to the presence of barrier oxide film layer 
[2,3].  
For instance, aluminum's light weight 
performances are highly benefited in 
transport applications that are related to 
aerospace industry. The metal has been 
widely used as construction materials, heat 
exchangers, catalyst, combustion processes, 
and power lines [1].  
The development of new alloys has been 
in progress throughout the history of 
aluminum, however the main issue of these 
metallic materials is the deterioration in its 
properties originated from the interaction with 
natural environment.  These could lead to 
premature failure of metallic components and 
causes severe economic loss, as well as 
potential risk to human lives. The annual 
direct loss of natural resources i.e.- metals due 
to environmental degradation is also 
substantial and the degradation process varies 
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from one medium to another [4-6]. Improving 
corrosion performance has been a key focus 
of this metallurgical development. Alloys are 
developed with good thermal conductivity, 
combined with excellent resistance to engine 
coolants. This combination means it was 
possible to manufacture heat exchangers that 
were cheaper and of course lighter than the 
traditional copper versions. More recently 
new alloy developments have included 
automotive, desalination of sea water, 
renewable energy and maritime applications 
and many industrial applications [7,8]. The 
7000 series high strength aluminum alloys are 
used in aircraft structures because of their 
strength. The most commonly used alloy in 
aircraft manufacturing is AA7075. Due to the 
constant exposure of this alloy to the 
environment during in service operation, this 
research aims to investigate the corrosion 
resistance of 7075 aluminum alloy of the heat 
treated specimens of peak age and over age 
tempers. The surface morphology was also 
investigated to observe any change in the 
microstructure of the heat treated specimens 
produced after corrosion immersion test in an 
aggressive alkaline medium.  
  
2.  Experimental Procedure Materials  
 A 7075 aluminum alloy was purchased 
locally from Aluminium Company of  
Malaysia Berhad for the sole purpose of this 
research with dimensions of 290 × 50.8 × 51 mm. 
Specimens of dimensions 25 × 30 × 15 mm was 
cut from the bulk for analysis, and dimensions of 
51 × 17 × 6 mm was cut for the heat treatment 
procedure and immersion test.  
Preparation  
The 7075 aluminum alloy specimens’ surface 
were ground and polished to mirror finish 
utilizing 1200 grit abrasive papers and 0.5 µm 
alumina powders. The heat treatment process was 
initiated by heat treatment at 470°C for 60 
minutes and then quenched in water (at room 
temperature) for 60 seconds; the process was then 
followed by precipitation heat treatment. The 
peak aged, over aged was applied to the material 
in the T6 temper, and T73 temper at different 
durations and temperatures. The specimen in the 
T6 temper was subjected to solution heat 
treatment at 470°C for 60 minutes, quenched for 
60 seconds and followed by precipitation heat 
treatment or artificial ageing at 138°C for 960 
minutes. The specimen for the T73 was subjected 
to solution heat treatment at 470°C for 60 minutes 
quenched for 60 seconds and followed by two 
precipitation heat treatment processes at 113°C 
for 480 minutes and 182°C for 720 minutes 
respectively.  
  
Immersion Test  
  
Two heat treated specimens and one as 
received specimen were immersed in 
corrosive solution for four days. The pH of the 
environment was controlled and set at 9.26. 
Keller’s reagent was used to clean the surface 
of the specimens prior to the immersion test.  
  
Aggressive Alkaline Medium pH9.2   
The peak aged T6, over aged T73 and as 
received (AR) were used in the aggressive 
alkaline medium containing 58.5 g sodium 
chloride, 3 g hydrogen peroxide and diluted to 
one litre with deionised water and immersed 
for 4 days according to American Society for 
Testing and Materials (ASTM) standards 
G110-92(2003) for corrosion resistance of 
heat treatable aluminum and aluminum 
alloys.  
  
Characterization  
  
The polished specimens was analysed 
using X-ray fluorescence (XRF) to determine 
the chemical compositions of 7075 aluminum 
alloy, the weight loss analysis by the 
immersion test, and the surface 
microstructure by scanning electron 
microscope (SEM).  
  
  
3.   Results and discussion  
  
Chemical Analysis  
  
The characterization of the as received 
sample with the X-ray fluorescence (XRF) 
tool gives a quantitative analysis result of the 
chemical compositions of the received sample 
to be compared with the standard chemical 
compositions for 7075 aluminum alloy which 
is presented below in Table 1.  
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Table 1 Chemical composition of 7075 
aluminum alloy  
  
Heat treated specimen at pH9.2  
  
Fig. 1(a) and (b), Fig. 2 (a) and (b), and Fig. 
3(a) and (b) shows the type of localized 
corrosion present on the aluminum alloys when 
exposed to a more severe alkaline medium 
which turns out to be the pitting form of 
corrosion. The exposed surfaces present a 
severe localized form of corrosion for the 
different specimens. The attack on the exposed 
surface appears to be severe for the as received 
(AR) (see Fig. 1 (a) and (b)), T6 (see Fig. 2 (a) 
and (b)), and T73 (see Fig. 3 (a) and (b)) 
specimens regardless of the difference in the 
solution heat treatment procedure. The effect of 
the chemical attack on the different specimens’ 
can be clearly seen in Table 2. The AR 
specimen recorded more weight loss (0.5882 g) 
when compared to the T6 (0.4279 g) and T73 
(0.4387 g) heat treated specimens after 
exposure to the corrosion medium. This 
confirms the following that in solutions 
containing chloride ions, pitting corrosion is the 
main form of localized corrosion expected to be 
present [9-13]. As the pits grow into the 
microstructure, they can develop into 
intergranular corrosion (IGC) or exfoliation (a 
form of IGC found in wrought Al alloys), which 
can penetrate deeply into the surface of the 
sample. To some extent, IGC can be regarded 
as a special kind of pitting corrosion occurring 
preferentially at the grain boundaries for Al 
alloys since the mechanism of IGC was found 
to be of the same nature as the process of 
pitting.  
  
  
Fig. 1 Scanning electron microscope (SEM) 
of AR showing pitting corrosion attack for (a) 
200× magnification and (b) 1000× 
magnification.  
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Fig. 2 Scanning electron microscope (SEM) of T6 
showing pitting corrosion attack for (a) 200× 
magnification, and (b) 1000× magnification.  
  
Table 2 shows the weight losses and 
corrosion rate for AR, T73, and T6 immersed in a 
test solution at pH9.2 for 4 days. The weight loss 
obtained for the three different specimens in the 
aggressive alkaline solution are 0.5882 g (AR), 
0.4387 g (T73), and 0.4279 g (T6). These show 
that regardless of the heat treatment solution if the 
material is unprotected, the deterioration and 
weight loss becomes rapid that can lead to 
material failure when in an aggressive alkaline 
environment.  The problem of pitting and IGC 
susceptibility in high strength Al alloys has been 
studied for many years. In principle, both pitting 
and IGC result from a local breakdown of the 
passive film that forms on the surface. The attack 
that occurs at intermetallic particles or in the 
matrix of a grain is called pitting, whereas attack 
restricted to grain boundary (GB) regions is called 
intergranular corrosion (IGC). From an 
electrochemical point of view, both pitting and 
IGC processes seem to be very similar in nature 
[14-18].  
  
  
Fig. 3 SEM of T73 showing pitting corrosion 
attack for (a) 200× magnification, and (b) 
1000× magnification.  
Table 2 Weight losses and corrosion rate test 
result at pH9.2  
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4. Conclusion  
  
Aluminum when exposed to the environment 
forms a protective barrier oxide film between the 
metal and the surrounding medium. The physical-
chemical stability of the oxide film determines the 
corrosion resistance. Due to the surface thin oxide 
film, the corrosion behaviour of the aluminium 
alloy in an aggressive medium shows rapid 
deterioration and formation of pits on the surface 
of the material. The formation of these pits from 
AR, T73 and T6 is due to the passive film 
breakdown and rapid chemical attack on the 
aluminium alloy surface. The presence of these 
pits is observed in all the three specimens and 
they all experienced significant weight losses but 
the as received specimen experienced more 
weight loss than the tempered alloys. The 
significant difference in all the specimens is that 
the heat treatment procedure assisted in the 
reduction of the weight loss experienced from the 
immersion test. This is due to the microstructure 
of the heat treated specimens, which was able to 
reduce the effect of the localized pitting corrosion 
attack on the surface of the materials.  
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